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 ,QWURGXFWLRQ
$ VWURQJGHPDQGIRUZHLJKW UHGXFWLRQXUJHVWKHRSWLPL]DWLRQRIWKHGHVLJQRISURGXFWVHPSOR\LQJOLJKWZHLJKW







WKHLU QHHGV (VVHQWLDOO\ WKHVHPDWHULDOV GLIIHU IURP WKH FRQYHQWLRQDO HQJLQHHULQJPDWHULDOV IURP WKH YLHZSRLQW RI
KRPRJHQHLW\ >+$NEXOXWHWDO @
$PRQJYDULRXVFHUDPLFDGGLWLRQVWR$O6L&KDVEHHQJLYHQJUHDWHUDWWHQWLRQE\PDQ\UHVHDUFKHUV+RZHYHU$O
6L& 00& VWLOO KDV VRPH OLPLWDWLRQV VXFK DV WKH IRUPDWLRQ RI $O& GXULQJ KLJK WHPSHUDWXUH V\QWKHVLV ZKLFK
LPSDLUVSRRUPHFKDQLFDOSURSHUWLHV7KXVHIIRUWVKDYHEHHQPDGHWRRYHUFRPHWKHSUREOHPVE\LQFRUSRUDWLQJRWKHU
UHLQIRUFLQJPDWHULDOVVXFKDV%HU\O>1-.ULVKQD 3UDVDGHWDO @ 7KHGHQVLW\RIEHU\OLVDOPRVWHTXLYDOHQW WR
$ODQGIDLUO\ORZHUWKDQ6L&LQWKHSUHVHQWLQYHVWLJDWLRQLWLVDLPHGWRUHLQIRUFHEHU\OLQ$OPDWUL[%HU\OZKLFKLV
QDWXUDOO\RFFXUULQJDQGKDYLQJ WKH IRUPXOD %H$O6L2ZDVXVHGDV WKH UHLQIRUFLQJDJHQWZKLOHFRPPHUFLDOO\
DYDLODEOHSXUH DOXPLQXP KDVEHHQXVHGDV WKHPDWUL[7KHEHU\OSDUWLFOHVXVHGZHUHRI DQG ȝPVL]H7KH\
H[KLELWHGGHQVLW\YDOXHRI JPP KDUGQHVVRI  WRRQ0RKV VFDOH DQGRI KH[DJRQDO VWUXFWXUH >+%
%KDVNDU HW DO @ :KHQ SURFHVVHG WKURXJK SRZGHU PHWDOOXUJ\ URXWH $O%HU\O 00&V H[KLELW H[FHOOHQW
WULERORJLFDOSURSHUWLHVDQG FDQEHFRPSHWHQWPDWHULDOIRUPDQXIDFWXULQJEHDULQJVDQGEXVKHV





OHDGV WR UHGXFWLRQ LQ ORDG EHDULQJ FDSDFLW\ RI D VWUXFWXUH 0HFKDQLFV RI WKH VKDIW DQG EXVK FRQWDFW LV RQH RI WKH
HOHPHQWDO DQG EDVLF DUHDV RI WKH VWXG\ LQ PHFKDQLFDO HQJLQHHULQJ UHTXLULQJ ERWK YHU\ LPSRUWDQW DQG ODUJH
DSSOLFDWLRQ VNLOO DQG UHOLDEOH DQDO\VLV DSSURDFKHV $QDO\WLFDO IRUPXODWLRQV GHSLFWLQJ WKH SK\VLFV RI WKLV IDFW DUH
GHILQHG RQO\ IRU VSHFLDO W\SH RI VLPSOH FRQWDFW JHRPHWULHV VR IRU PRUH LQWULFDWH DQG FRPSOH[ JHRPHWULHV WKH
DQDO\WLFDOPRGHOV HPSOR\LQJ FORVHG IRUPV UHPDLQ KDUG WR FRPSUHKHQG >9DKLG0RQIDUHG @ )LQLWH HOHPHQW







,QWKHSUHVHQWVWXG\FRPPHUFLDOO\SXUHDOXPLQLXP SRZGHURISXULW\ VHOHFWHG DVWKH EDVH PDWHULDO7KH
FKHPLFDO FRPSRVLWLRQ RI $O SRZGHU LV DV VKRZQ LQ WDEOH  %HU\O ZDV XVHG DV UHLQIRUFHPHQW SDUWLFOHV 7KH
SHUFHQWDJHRI%HU\OZDVYDULHGIURP WRVWHSVRIZW &KHPLFDOFRPSRVLWLRQRIEHU\OE\ZHLJKSHUFHQWDJH
LV DV VKRZQ LQ WDEOH  >5HGGDSSD+1 HW DO @ 7KH SDUWLFOH VL]H ZDV YDULHG IURP P DQG P
3RZGHU PHWDOOXUJ\ ZDV XVHG WR SUHSDUH WKH FRPSRVLWH VSHFLPHQV DQG LV RQH RI WKH PRVW FRPPRQ URXWHV WR
V\QWKHVL]H D PHWDOPDWUL[ FRPSRVLWH ,Q WKLV SURFHVV WKH UHTXLUHG DPRXQWV $O DQG %HU\O SRZGHUV ZHUH WDNHQ LQ
VHSDUDWHEDWFKHV7KHSRZGHUPL[WXUHZDVWKRURXJKO\PL[HGXVLQJDJDWHPRWRUDQGF\OLQGULFDOSHOOHWVRIGLDPHWHU
PP ZHUHSUHSDUHGE\DSSO\LQJDSUHVVXUHRI03D7KHVHFRPSDFWHGSHOOHWVZHUHVLQWHUHGXVLQJ0LFURZDYH
VLQWHULQJ DWDWHPSHUDWXUHRIWR R&>.9HQNDWHVZDUOXHWDO @ 7KHVLQWHUHGVDPSOHVZHUHSROLVKHGDQG
SUHSDUHGIRUKDUGQHVVGHWHUPLQDWLRQDQGPHWDOORJUDSKLFH[DPLQDWLRQ9DULRXVFRPSRQHQWVFDQEHIRUPHGZLWK WKH
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SRZGHU FRPSDFWLRQ SURFHVV 6RPH H[DPSOHV RI WKHVH SDUWV DUH EHDULQJV EXVKLQJV JHDUV SLVWRQV OHYHUV DQG
EUDFNHWV:KHQSUHVVLQJ WKHVH VKDSHV YHU\JRRGGLPHQVLRQDODQGZHLJKWFRQWURODUHPDLQWDLQHG ,QDQXPEHURI
WKHVH DSSOLFDWLRQV WKH SDUWV PD\ UHTXLUH YHU\ OLWWOH DGGLWLRQDO ZRUN IRU WKHLU LQWHQGHG XVH PDNLQJ IRU YHU\ FRVW
HIILFLHQWPDQXIDFWXULQJ
7DEOH D&KHPLFDOFRPSRVLWLRQRI3XUH$OE\ZHLJKWSHUFHQWDJH
(OHPHQW 6L )H $O
:W   %DODQFH
7DEOHE&KHPLFDOFRPSRVLWLRQRIEHU\OE\ZHLJKWSHUFHQWDJH
(OHPHQW 6L2 $O2 %H2 )H2 &D2 0J2 1D2 .2 0Q2
:W         
 ([SHULPHQWDOPHWKRGV
&RQWDFWSUREOHPLVKLJKO\QRQOLQHDUDQGUHTXLUHV VLJQLILFDQWFRPSXWHU UHVRXUFHV WRVROYHDQG LWSUHVHQWV
WZRVLJQLILFDQWGLIILFXOWLHV)LUVWWKHUHJLRQVRIFRQWDFWDUHXQNQRZQ&RQWDFWVXUIDFHVFDQFRPHLQWRDQGJRRXWRI
FRQWDFW ZLWK HDFK RWKHU LQ D ODUJHO\ XQSUHGLFWDEOH DQG DEUXSW PDQQHU 6HFRQG PRVW FRQWDFW SUREOHPV QHHG WR
DFFRXQWIRUIULFWLRQ
7KHUHVSRQVHRIWKH EHDULQJV XQGHUORDGLQJZDV LQYHVWLJDWHG XVLQJ WKH ILQLWHHOHPHQWPRGHO $SURWRW\SH
PRGHORI VKDIW DQG EXVK ZHUHXVHG WR VLPXODWH WKHDQDO\VLV 6KDIWZDVPDGH WR URWDWHDWGLIIHUHQW VSHHGVDQG WKH





PDWHULDO >0 'KDQD EDODNULVKQDQHWDO @
)LJ6KDIWDQGEXVKDVVHPEO\ ZLWKFRQWDFW]RQH
+HUW]¶V FRQWDFW VWUHVVHV DUH XVHG WR GHWHUPLQH WKH FRQWDFW VWUHVV DW WKH LQWHUIHUHQFH 7KH KDOIZLGWK µE¶ RI WKH
FRQWDFWDUHDRIVKDIWDQGEXVKLVJLYHQE\








ʹ ͳ  
)LQLWHHOHPHQWDQDO\VLVKDVEHHQXVHG WRLQYHVWLJDWH WKHVWUHVVHVSURGXFHGDW WKHVXUIDFHRIWKHMRLQW7KH
PRGHOFRQVLGHUHGIRUWKHDQDO\VLVLVV\PPHWULFLQUHVSHFWWRJHRPHWU\DQGORDGLQJ >/$'REU]DĔVNLHWDO @
$ ' PRGHO ZDV DQDO\VHG XVLQJ $16<6 ZRUNEHQFK 6WUHVV GLVWULEXWLRQ DW WKH FRQWDFW VXUIDFH ZDV WKH PDLQ
FRQFHUQ
7KLV'PRGHO ZDV SUHSDUHGLQ$QV\VZRUNEHQFKDQGJHRPHWU\LVWUDQVIHUUHGWRWKH$16<6VRIWZDUH 7KH
IROORZLQJ FRQWDFW RSWLRQV DUH VHW IRU DOO DQDO\VHV &RQWDFW IDFH LQQHU IDFH &RQWD HOHPHQW 8QV\PPHWULFDO
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 5HVXOWVDQG'LVFXVVLRQ
,Q WKLV VHFWLRQ UHVXOWVRI WKHQXPHULFDODQDO\VLVE\ ILQLWHHOHPHQWPHWKRG)(0LQVKDIW ± EXVKDVVHPEO\DUH
SUHVHQWHG6WUHVVDQGGHIOHFWLRQDQDO\VLV ZHUHFDUULHGRXW XVLQJ ILQLWHHOHPHQWPHWKRG(TXLYDOHQWVWUHVVLQEXVKDQG
VKDIWKDVEHHQDQDO\VHGE\)($ DQG VWDWLVWLFDOO\VKRZQDV)LJ)LJXUHVKRZVWKHIULQJHSDWWHUQRIWKHSULQFLSDO
VWUHVVGLVWULEXWLRQLQDEURQ]HEXVK6LPLODUGLVWULEXWLRQVZHUHREVHUYHGLQFDVHVRISDLUVPDGHRIGLIIHUHQWPDWHULDOV




)LJ0D[LPXPSULQFLSDOVWUHVVLQWKHVKDIW ± EXVKDVVHPEO\ )LJ  'LVFRQWLQXLW\DWWKHFRQWDFW]RQH
&RQWDFWVWUHVVDQDO\VLVKDVEHHQSHUIRUPHGWRH[DPLQHWKHFRQWDFWFRQGLWLRQVRQWKHDVVHPEO\ERWKEHIRUH
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 &RPSDULVRQRI5HVXOWV











RI WKH EXVK H[SDQGV ,Q RWKHU ZRUGV ERWKPHPEHUV H[SHULHQFH D UDGLDO GHIRUPDWLRQ DW WKH MRLQW VXUIDFH +HQFH
FRPSUHVVLYHVWUHVVHVLQGXFHLQVKDIWDQGEXVK)LJXUHVKRZVWKHYDULDWLRQLQWKHGHIRUPDWLRQDWGLIIHUHQWVSHHGV
IRUGLIIHUHQWPDWHULDOV,WFDQEHREVHUYHGIURPWKH)LJWKDWWKHGHIRUPDWLRQLQ$O%HU\O00&LVOHVVFRPSDUHG
WRRWKHUPDWHULDOV$OVR LW FDQEHREVHUYHG WKDW WKHGHIRUPDWLRQ DQG VWUHVVHVGRHVQRW YDU\PXFKZLWK FKDQJH LQ
VSHHGRIWKHVKDIW
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)LJ9DULDWLRQRIGHIRUPDWLRQ RI%URQ]HDQG$O00&V
 6XPPDU\DQG FRQFOXVLRQV


















. 9HQNDWHVZDUOX HW DO  6\QWKHVLV RI 7L1 5HLQIRUFHG $OXPLQLXP0HWDO0DWUL[ &RPSRVLWHV WKURXJK0LFURZDYH 6LQWHULQJ -RXUQDO RI
0DWHULDOV(QJLQHHULQJDQG3HUIRUPDQFH9ROXPHSS ± 









9DKLG 0RQIDUHG  &RQWDFW 6WUHVV $QDO\VLV LQ 5ROOLQJ %RGLHV E\ )LQLWH (OHPHQW 0HWKRG )(0 6WDWLFDOO\ -RXUQDO RI 0HFKDQLFDO
(QJLQHHULQJDQG$XWRPDWLRQSS ± 
